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in the normal fetus : after birth, left to right shunting is prevented by
occlusion of the foramen by its flap, forced against the septum by the
higher left atrial pressure . However, with left atrial enlargement . the
stretched foramen may not be adequately covered by the dap .
resulting in a left to right shunt at that level . In our study (2) of
premature infants there was a significant correlation of these shunts
with ductal patency ; ductal flow increases the pulmonary venous
return, resulting in left atrial enlargement . Further evidence of the
association is that the atrial shunt disappeared after regression of left
atrial enlargement after ductal closure . By contrast, an isolated
secundum atrial septal defect never causes left atria[ enlargement .
Other echocardiographic distinctions favoring the diagnosis of
incompetent foramen ovate, as opposed to atrial septal defect, are
bowing of the interatrial septum toward the right atrium, a sign of
elevated pressure on the left, no "match-head" appearance from
thickening of the rim commonly found in atrial septa) defect, and
absence of enlargement of the right atrium or tight ventricle (2) . The
width of the jet by color flow Doppler imaging is not reliable in our
experience, although on average, the incompetent foramen ovale
will have a smaller jet . The single best predictor of an incompetent
foramen ovale in our study (2) was the presence of left atrial
enlargement .
The other disadvantage of the terminology of Radzik et al . is the
implication that the physiology of closure of an atrial septal defect is
similar to that of spontaneous closure of a ventricular septal defect .
In the latter the pressure gradient is high, and therefore the velocity
of flow across the septum is high (>4 m/s), causing roughening of the
endothelium through shear forces at the margins of the defect and
through ajet impact injury on the septal leaflet of the tricuspid valve .
The two "sticky" surfaces adhere and produce spontaneous closure
of even large perimembranous defects (3,4) . In a secundum atria]
septal defect the pressure gradients are much smaller, and the peak
velocity of the left to right shunt rarely exceeds I m/s . (The lack of
endothelial injury in atria] septa[ defect accounts for the extreme
rarity of infective endocarditis, as that injury forms the substrate for
seeding and growth of bacteria .)
It is not cost-effective to subject premature infants with a patent
ductus arteriosus, left atrial enlargement and an atrial shunt to
repeat echocardiography when they reach 12 to 15 months of age, as
suggested by Radzik et al . (1), because an incompetent foramen
ovale is the probable diagnosis . If there is an aerial septal defect of
sufficiently severe to require surgery, cardiac enlargement by chest
roentgenogram and right bundle branch block by electrocardiogram,
not to mention the usual auscultatory findings of an atrial septal
defect, should be the indication for a Doppler echocardiogram .
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Reply
We agree that in premature babies with a patent ductus and left atrial
enlargement there may be left to right shunting through a "stretched
foramen ovate
." With ductus closure, these shunts usually disap-
pear after the decrease in left atrial size and the reapproximation and
overlapping of septum secundum and septum primum . Two-
dimensional echocardiographic signs such as left atrial enlargement,
bowing of the interwrial septum, absence of thickening of the rim of
the defect (1) are of great help to the physician trying to differentiate
such a patent foramen ovale from a small or fenestrated atria) septal
defect of the secundum type . The differential diagnosis between
patent foramen ovate and atrial septal defect is nevertheless not
always straightforward (2,3), especially in infants with isolated
congenital incompetent foramen ovale .
The patients in our series were not premature babies . They were
asymplomatic term newborns and infants referred for a cardiac
murmur. We chose to exclude newborns with patent ductus arteri-
osus . The left atrium was of normal size, and therefore left atrium
enlargement could not be evoked as the mechanism responsible for
incompetence of the foramen ovate . We believe that in our series
incompetence of the foramen ovale was congenital rather than
acquired as in the patients in Guntheroth's series . This is not unlike
newborns in the series of Oberhoffer and Lang (2) in which the
presence of an interatrial left to right shunt was demonstrated in
newborns with a patent foramen ovate irrespective of the presence
of patency of the ductus arteriosus .
fit our study, an atrial septal defect was defined as a communi-
cation between the two atria, independent of mechanism : this is
more a functional than an anatomic definition, as the distinction
between a patent foramen ovate and a small atria] septal defect is
very hard to make by echocardiography . The aim of our study was
to correlate the incidence of disappearance of the communication to
a single and easy to quantify variable, its size, determined by
two-dimensional echocardiography or estimated by the width of the
color flow jet, which in our experience (4) and that of others (5) is
correlated with the size of the atrial septa) defect .
In conclusion, we suggested that in patients similar to those of
our series (infants with an isolated atrial septal defect diagnosed in
the first 3 months of life and with an otherwise normal heart), the
presence of a medium-sized atrial septal defect may lead to a
follow-up echocardiogram at the age of 15 months . Of course this
should not be extrapolated to a different population, for instance
premature infants with associated malformations with stretched
foramen ovale, secondary to left atria] overload . The shunting in
these cases may certainly disappear with the decrease in left atrial
size and left atrial ove! :oading .
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Syndrome X: An Abolormnalityali Epicardial
J
or Microvascular Coronary Circulation?
Bugiardini et al
. (I) have demonstrated that patients with syndrome
X do not exhibit disease confined solely to the coronary microcir-
culalion but are affected by a disorder involving the entire coronary
artery tree in vasomotion . They suggest further that, as a similar
diffuse abnormality can also be observed in some patients having
variant angina, patients with chest pain duc
.o abnormal diffuse
vasoconstriction of both coronary epicardial and resistance vessels
have a single pathogenetic entity . However, their work also points
to the microcirculation as the major culprit because the degree
of
epicardial constriction observed in their study was unlikely to
contribute to the resistance of the coronary flow in the absence of
atherosclerotic narrowing .
We (2) have previously reported the effect of hyperventilation
and mental stress on coronary blood flow in 29 patients with
syndrome X
. Coronary blood flow velocity was measured with an
intracoronary Doppler catheter positioned in the proximal left
anterior descending coronary artery . Syndrome X was defined as
typical angina] chest pain and a positive exercise test result in
patients with completely normal coronary angiograms . In these
patients, both hyperventilation and mental stress prouticed chest
pain that was associated with a significant reduction
in coronary
blood flow velocity in the absence of significant changes in the
epicardial coronary artery diameter . Our observations suggest
that
inappropriate small vessel constriction leads to a primary reduction
of coronary blood flow in these patients
.
Kaski et al . (3) have also shown previously that syndrome X
does not involve increased vasomotor tone of the larger epicardial
coronary arteries . These findings are consistent with the previous
suggestion (4,5)
that an abnormal tone of the prearteriolar coronary
vessels may be responsible for the impaired coronary flow reserve
found in patients with syndrome X
. The results of our study tend to
support this view but are in conflict with the epicardial responses
observed by Bugiardini et al . (I) .
This may support the hypothesis
put forward by Maseri et al
. (5) that an uneven distribution of small
vessel vasoconstrictor zone may explain the variety of vasomotor
responses in patients with syndrome X .
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Reply
Chauhan et al . (1) have correctly pointed out apparent discrepancies
in studies dealing with anginalike chest pain and normal coronary
angiograms . In their study . hyperventilation and mental stress
produced chest pain and a significant reduction in coronary blood
flow in the absence of significant changes in epicardial coronary
artery diameter . In our study we concurrently reported that a
coronary vasomotor disorder that implies hypersensitivity to vaso-
constrictive stimuli is present not only at the arteriolar level, but
.tlso in the entire coronary artery tree . Such epicardial findings were
recently confirmed by McFadden et al . (2) . It is difficult to say that
the results of Chauhan et al . are surprising . Kaski et al . (3) had made
similar observations . As previously suggested by Kern (4) . all of
these data support a heterogeneous subgrouping of patients with
angina and normal coronary angiograms. Studies examining the
endothelial function in these patients have not explained the variety
of vasomotor response . Quyyumi et al . (5) reported that 10% of their
patients had severe diffuse epicardial constriction during intracoro-
nary infusion of acetylcholine S x l0' mol/liler, whereas 71 1/(
showed some degree of epicardial asoconstriction but reduced
coronary blood flow, which implies changes at arteriolar levels . We
therefore believe that in some patients the functional abnormalities
may be exclusive to large or small arteries : in others, components of
the entire coronary tree may be involved, as our report indicates .
One point deserves further mention . Central to our hypothesis is
the primary role of resistance vessels in the genesis of myocardial
ischemia even in the presence of diffuse vasoconstriction of epicar-
dial coronary arteries . Our data show that in these patients the
decrease in blood flow caused by hyperventilation is not prevented
by 0.3 mg of subl ;ngual nitroglycerin, which dilates epicardial
coronary arteries . A natural extension of this observation is the
belief that those patients with Prinzmetal's angina who exhibit
intense (>30 diameter reduction) and diffuse constriction of all
coronary artery branches have ischemia due to "spasm" of resis-
tance vessels, with large vessel "spasm" being irrelevant and
representing only a marker of the underlying pathophysiologic
condition .
In conclusion, more studies are clearly needed to clarify the
mechanism of angina in patients with angina and normal angio-
grams. Al present, "microvascular angina" (6) and "vasotonic
angina" (2) mast be considered descriptive categories referring .
respectively, to functional coronary abnormalities of the resistance
vessels and the entire coronary artery tree . We hope that our work
will stimulate further investigation of this possibly common and
important manifestation of angina pectoris .
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